The optimal control theory allows us to design a wastewater treatment system in order to control marine pollution in any open area of shallow waters (see, for instance, the previous works of the authors [1-3]).
However, there exist many closed areas (for instance, enclosed bays) which present a serious quality problem caused by domestic and/or industrial contaminants, due to the insufficient seawater exchange. In these areas where the ability of natural purification is very weak, it is necessary to consider a new technique in order to purify polluted waters: the most common strategy consists of promoting seawater exchange by the injection of clear water from the outer sea. This strategy presents a high efficiency to purify polluted closed areas in a short period of time. In the process of water conveyance the main problem consists, once the injection point is selected by geophysical reasons, of finding the minimum quantity of water which is needed to be injected into the closed area in order to purify it up to a fixed threshold.
The aim of this contribution is to determine the minimal quantity of injected water in order to ensure that the contaminant concentration in the protected areas is lower than fixed thresholds. Mathematically, this is a hyperbolic-parabolic optimal control problem with control constraints.
First, we present the mathematical formulation of the continuous control problem and we derive first order optimality conditions for the characterization of the optimal solutions. Next, we discretize the problem by means of a characteristics-finite element method, focusing our attention in both the discrete and the discretized adjoint systems, and propose an algorithm for the numerical resolution of the discretized problem. Finally, we present numerical results obtained in the study of a real-world problem.
